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With increasing wildfires, how does increased use of
prescribed burns impact air quality and public health?

The study aims to
investigate the
community and
public health impact
of smoke exposure
under several
emission scenarios to
guide decision-
making on increasing
prescribed burning




Research components

1) Smoke and exposure modeling

2) Health analysis

3) Community engagement



[HOSPITAL
2) Health analysis

2.A. Health effects — hospital and emergency room visits:

* Impact of ambient air pollution, prescribed fire and wildfire smoke

2.B. Attributable health burden, exposure scenarios:
* Historical wildfires and prescribed fire
e Future projected prescribed burning (target)



3) Community Engagement

Communities in Sierra Nevada Wildland-Urban Interface (WUI)

 What is their experience regarding smoke, symptoms, life impacts?
* Knowledge, attitudes and behavior re: RX burns and wildfires?
 How can community fire-resilience and preparedness be improved?




LISTENING
SESSIONS

El Dorado and Nevada
County
(Report completed)

SURVEY

Mariposa County
Medically vulnerable
residents

(Article submitted)

https://www.nevadacitychamber.com/nevada-city-things-to-do/nevada-city-tours/


https://www.cdph.ca.gov/Programs/CCDPHP/DEODC/EHIB/EES/pages/wildfire.aspx
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Background and Motivation

Wildfires in California

 Wildfire intensity and the frequency of
severe wildfires are increasing in the
western U.S,, including California.

13 of the top 20 most destructive CA
wildfires occurred in the last 5 years,
costing 148 lives and destroying over

-
-
Los Pagres
s e v
-
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40,000 structures. Voserd bl 3
* The 8 largest wildfires in CA history all s san Diege, GV o3 3
. || GOES 17 2021 T
occurred in the last 5 years and each | GOES 17 2020
burned from 280K to 1M acres.? S o zole

Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO,

GOES 17 2018 USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance

Survey, Esri Japan, METI, Esri China (Hong Kong), (c)
NnanQtraathian Aantrihitare and tha 2IQ | lear Cammunite

Data source: CAL FIRE 10



Background and Motivation

Changing wildfire behavior in North America:

* A trend toward a higher percentage of high severity fires over the last
three decades in the southwest and a stronger relationship between high
burn severity areas and climate metrics (Muellera et al., 2020)

* Increasing nighttime satellite fire detections and a trend toward larger
wildfires in the contiguous U.S. (Freeborn et al., 2020)

* Model simulations and empirical data continue to show drier and longer
fire seasons over broader areas and increasing fire potential over areas in
North America (Brown et al., 2021; Littell et al., 2018; Wu et al., 2021)

11



2008 to 2022

PM2.5 Daily AQI Values

these fires to tens of millions
of people in California and

cause record poor air quality,
beyond.

Record wildfire activities also
extending the impacts of

Sacramento—Roseville—Arden-Arcade

AQI Category

Unhealthy for Sensitive Groups (35.5-55.4 ug/m3)

I Good (<=12.0 ug/m3)
Moderate (12.1-35.4 ug/m3)
I Unhealthy (55.5-150.4 ug/m3)
I Very Unhealthy (150.5-250.4 ug/m3)
I Hazardous (>=250.5 ug/m3)

FEB MAR

JAN

Data Source: US EPA Air Data



https://www.epa.gov/outdoor-air-quality-data/air-data-multiyear-tile-plot

September 14, 2020
MODIS Imagery from Terra

* Not just a problem in California

* Most of the population in CA, OR,
and WA breathed unhealthy (red),
very unhealthy (purple), or
hazardous (also purple) air on this
day.

(09472020 |[55] 00 v - 00 v st ¥
[ Set Time | | Reset ]

Time Control (hours)

Data Source: https://airnowtech.org/



https://airnowtech.org/

Background and Motivation

It is established that prescribed fire is one of the most effective
practices to reduce wildfire hazards.

Outstanding knowledge gaps:

 Additional work is needed to better understand smoke exposures and
health impacts from Rx fires (Navarro et al., 2018)

* Limited epidemiologic studies for Rx fire health impacts (EPA 2021)

« Calls for greater attention to Rx fire smoke health impacts in the Southeast
(Afrin and Garcia-Menendez 2021)

* Lack of knowledge on Rx fire health costs and benefits; “need to first learn
to sustainably coexist with prescribed fire in order to sustainably coexist

with wildfire” (Jones et al., 2022)
14



Research Question

Prescribed (Rx) fires must increase to combat the growing wildfire threat

 The State of California and U.S. Forest Service are scaling up to each treat 500,000
acres/year for a total of 1 million acres/year by 2025.2

 This will include up to 500,000 acres/year of beneficial fires, including 300,000 acres of
prescribed fires and cultural burning, and up to 200,000 acres of fire managed for
resource benefit.P

» Significant increase from the average of 200,000 acres/year in 2008-2017 by our estimate.

What are the air quality impacts of Rx fire smoke relative to wildfire smoke?
« WF: high-intensity, unmanaged smoke, broad spatial scale.
» Rx: low-intensity, managed smoke, local spatial scale.

aAgreement for Shared Stewardship of California’s Forest and Rangelands (2020)

bCalifornia’s Strategic Plan for Expanding the Use of Beneficial Fire (March 2022) 15



Baseline Scenario — Fire Inventory Data

Wildfire (WF) Data Prescribed Fire (Rx) Data
 Satellite  Satellite
- MODIS 2003-2018 - MODIS 2003-2018
* Agency * Agency
- 2003-2017 (USFS FPA FOD)2 — 2003-2018 (CAL FIRE, USFS
- 2018 (GeoMAC, ICS-209, FACTS, CARB PFIRS)

FIRESTAT, CAL FIRE)

All records were spatiotemporally joined and matched to remove duplicates
and reconcile differences in data records from difference sources

aShort, 2021 16



Fire Inventory 2003-2018
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Distribution of Daily Fire Activities

(2008-2017)

Daily WF Area Burned Density

(acres/km2)

[ ]a-3s
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B 200 - 300
B 310- 430
B 240 -540
B 50 - 700
B 710- 880

1,000

Daily Rx Fire Area Burned Density
(acres/km2)
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[ ]79-100
[ 110-150
I 160- 220
B 230-310
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Baseline Scenario — WF and Rx Fire
Smoke Modeling for 2008-2017

* BlueSky Smoke Modeling Framework?

— FCCS (fuel loading) > Consume (fuel consumption) > Prichard-O’Neill
Emissions® (smoke emissions) > FEPS Plumerise (plume rise)

* HYSPLIT Smoke Dispersion

—0-500 m height average
— North American Mesoscale 12-km (NAM12) meteorology

* Dispersion results downscaled to 1-km grid space using bilinear
Interpolation

* Daily intersection with HMS smoke plume data

al arkin et al., 2020; PPrichard et al., 2020 19



* Not accounting for background ambient concentrations

WEF

Baseline Scenario-
Smoke Impacts

On a ZIP code level, model results show up to 35% of days
with Rx smoke present and 75% of days with WF smoke
present, with the highest frequencies in the Central Valley.

WF smoke exceeds Rx statewide (frequency and magnitude).

All California ZIP codes experience WF (min = 42%) and Rx
smoke days (min = 7%); not all ZIP codes have fires.

At the 98th percentile,* baseline WF smoke alone

contributes enough PM, ; to shift the PM, ¢ AQl into
‘Unhealthy’ for many ZIP codes, and ‘Unhealthy for
Sensitive Groups' regardless of proximity to high fire density.

Baseline Rx 98th percentile* smoke concentrations do not
exceed ‘Good’ AQI category.

Air Quality Index (AQl
sgnl:;?‘::r:ups Unhealthy Ungg;Ythv Hazardous

Rx

Percent of Baseline Days with Wildfire Smoke Baseline Wildfire ZIP Code

and Number of Fire Points for California ZIP Codes 98" Percentile
i Fire Count Percent Smoke Days
% W > i 5 AQI PM 5 Threshold
72 s =
7 W > 10 11-20 0 - 50
_ 5% > 100
e MEMZL-50 B 51 - 100
“ I — 101 - 150
41-50 B
51-60 5] -200
61-70 201 - 300
71 - 80

301 - 500
- 90

a) b) \

Baseline Prescribed Fire ZIP Code
98" Percentile

Percent of Baseline Days with Prescribed Fire Smoke
and Number of Fire Points for California ZIP Codes

Fire Count Percent Smoke Days

" AQI PM3 5 Threshold
g >1 1-10
2> 10 11-20 Bmo0-50
#>100 [HM21-30 B 51 - 100
1111>500 M 31-40
41 - 50 101 - 150
51-60 151 -200
61-70 201 - 300
-2 B 301 - 500
[ 81 - 90
I o1 - 100

c) d)




Baseline Scenario — Model Evaluation

Modeled Smoke PM25s Correlation to Measured PM2s

R values (all days | HMS
observed smoke days)

Model Scenario AQS Sites IMPROVE Sites
Total Total TC Derived TC Direct
Smoke PM2.5 PM2.5 PM2.5 PM2.5 PM2.5
Baseline Wildfire 0.31/0.50 | 0.18]0.36 0.19]0.37 0.280.54
Baseline Prescribed Fire 0.3710.58 | 0.59(0.65 0.68]0.74 0.64 | 0.45
Baseline Wildfire &
Prescribed Fire 0.32]10.50 | 0.2]0.36 0.21]0.38 0.30]0.54

« Cumulative smoke PM, . correlates well with AQS and IMPROVE measurements of Total PM, ..

» Correlation for Rx is greater than WF for both AQS and IMPROVE sites. Stronger correlations,
especially at IMPROVE sites, are possibly due to lower background PM, . concentrations, and

therefore relatively higher smoke contributions to measured PM, ..

« When subset for days when HMS smoke is present at the measurement site, the correlation
between modeled smoke PM, . and measured PM, . improves. By selecting days with observed

smoke from an independent data source, we can reduce the bias from ambient PM, .

concentrations.




Target Scenario — Prescribed Fire Projection

 Rx fire inventory used for classifications (size by vegetation cover type).

« Randomly distributed within CAL FIRE Priority Landscape (risk to communities?) Class
4 and 5 (~4 million acres).

« Randomly assigned to eight annual cycles, 500,000 acres per cycle.

e Randomly allocated fire ignitions in each annual cycle to burn days designated by
CARB for each California Air Basin (burn days = weather and air quality conditions
sufficient for minimal smoke impacts and risk).

« 2014 meteorology data used for smoke modeling of each cycle to keep meteorology
constant.

— Median number of burn days for 2008-2017 records.

— Wind, soil moisture, and precipitation within two standard deviations compared to
baseline period (2008-2017) averages.

ahttps://arcg.is/DvCOe 22



https://arcg.is/DvCOe

Target Scenario — Projected Prescribed
Fire Area

* Fire locations were

§ ::; Loty
ran d om Iy S€ | eCted N vl Target Daily Rx Fire ; ?': i ”:—,;",d“;‘ ! CALFIRE Priority Landscape
| eceWI Se m a nn e r tO & 4 Area Density (acn{;e;/_l;;nz) & ) 'r?"_'gl’?‘:c o5 Community Wildfire Risk
p : » ﬁ 5 . WUl T : B 1 (Lowest)
avoid overlap. : — . s -
| ERG 13
77 - 95 NEY
* Each annual cycle has — /e (Hiahesh
B 20 - 130
~500,000 acres burned. — R
I c0- 170
Proportion of wildfire and prescribed fire burned in California 2008-2017 per :
cover type. %
5 ! Las Vegas
Cover Type Baseline WF | Baseline RX | Target RX 5y '.}‘f;i —i S Ty & B
Bare Ground 6.10% 3.5% 14.4% VR i T
Evergreen 11.0% 19.0% 4.1% : ¢
Grassland 5.8% 2.7% 5.8% ‘ \
Mixed Forest 31.2% 48.2% 21.5% 5 g -
Savanna 0.8% | 3.2% 0.1% s s
Shrubland 26.7% | 12.6% 31.3% o
Wetland 0.1% 0.2% 0.4% e o
Woodland 180% | 10.5% 22.6% Tijuana - Mexical
Unknown 0.3% 0.1% 0.0% 23




Target Scenario — Projected Prescribed
Fire Area

* Fire locations were
randomly selected in
piecewise manner to
avoid overlap.

 Each annual cycle has
~500,000 acres burned.

Proportion of wildfire and prescribed fire burned in California 2008-2017 per

cover type.
Cover lype Baseline WF | Baseline RX Target RX
Bare Ground 6.10% 3.5% 14.4%
Evergreen 11.0% 19.0% 4.1%
Grassland 5.8% 2. 7% 5.8%
Mixed Forest 31.2% 48.2% 21.5%
Savanna 0.8% 3.2% 0.1%
Shrubland 26.7% 12.6% 31.3%
Wetland 0.1% 0.2% 0.4%
Woodland 18.0% 10.5% 22.6%
Unknown 0.3% 0.1% 0.0%

Target Daily Rx Fire
Area Density (acres/km?)

[ Jos7r-20
[ 21-30
P 40-57
| EREG
-5
B o- 110
B 20 - 130
B 40- 150
I c0- 170

I -

U.S. Forest Service
‘ High-Risk Firesheds

> 4

afeat Bagin

*

&3

iego
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Target Scenario — Projected Prescribed Fire
S mo ke I m pa CtS » Percent of days with smoke present is

Percent of Target Days with Prescribed Fire Smoke Target Prescribed Fire ZIP Code Exposure h Ig her than baseline Rx at all ZIP codes ,
and Number of Fire Points for California ZIP Codes 98" Percentile . .
and often higher than baseline WF.

Fire Count Percent Smoke Days
AQI PM> 5 Threshold

1-10 ° ila*
W0>10 w1 - The 98th percentile .of §moke‘ ’
%55 > 100 g 21 - 30 ——— concentration remains in the ‘Good
P70 -0 101 - 150 PM, . AQl threshold at all but two ZIP
P ;‘122 (5] - 200 codes; these ZIP codes reach
ég&/ 61-70 B 201 - 300 'Moderate’ at a value of 51, which is still
& 4 N 71 - 80 i . .
o 4k o B 301 - 500 considered satisfactory by EPA.

100 « We allocated fires maintaining the

historical size distribution, skewed
toward a higher number of small
fires; however, the distribution of fire
sizes may change with increased
acreage to treat.

b)

Air Quality Index (AQl * Not accounting for background
URRSSRRVN ), 1,ca1thy Unggmhv Hazardous ambient concentrations 25

Sensitive Groups



Average Smoke Concentration

for Baseline Wildfire

WF

Concentration
ng m
Il >0-025

I 0.26 - 0.50
B 0.51-0.75
I 0.76 - 1.00
Il 1.01-2.50
Il 2.51-5.00
Il 5.01-7.50
I 7.51-10.0
Il >10.0

Average Smoke Concentration
for Baseline Prescribed Fire

Rx-Baseline

Concentration
ug m3

[ 1>0-0.025
[ 10.026 - 0.050
0.051-0.075
[ 0.076 - 0.10
Il 0.11-0.25
I 0.26 - 0.50
Il 0.51-0.75
I 0.76 - 1.00

All Scenarios: Average Smoke
Concentrations

Average Smoke Concentration
for Target Prescribed Fire

Concentration
pg m

[ 1>0-0.025
[ 10.026-0.050
0.051-0.075
I 0.076- 0.10
B 0.11-025
I 0.26 - 0.50
B 0.51-0.75
> HE0.76 - 1.00

. I >1.00

Rx-Target

Baseline WF smoke concentrations are at
least an order of magnitude larger than
baseline Rx smoke concentrations statewide.

Target Rx smoke is about three times the
baseline Rx smoke, on average.

Baseline WF smoke concentrations exceed
target RX smoke concentrations in most
regions.

Projected smoke impacts are seen in the
Northern Coast Range, San Francisco Bay
Area, Sacramento Valley, San Joaquin Valley,
and the Sierra Nevada Range.

26



Baseline and Target Scenario —
Increased Exposure

« The target prescribed fire scenario, burning
202,343 hectare (500,000 acres) per year in the
1.6 million hectares (4 million acres) of PL4&S5,
only exceeds the baseline smoke exposure
from WF and Rx in 4% of CA ZIP codes,
though this may vary with different
meteorology and wind flow.

« Seventeen percent of the area within the ZIP
codes affected by more smoke than the
baseline is PL4&S5, deemed high risk for WF
to the surrounding communities.

Ratio of Target Prescribed Fire to Baseline Prescribed
Fire and Wildfire Smoke Concentration




Baseline and Target Scenario —
Increased Exposure

« Within the ZIP codes affected by more smoke
than the baseline, most have low population
density (Pop. / Sq Hectare)

Ratio of Target Prescribed Fire to Baseline Prescribed
Fire and Wildfire Smoke Concentration




Summary

 Baseline smoke modeling results show moderate agreement with IMPROVE
and AQS measurements.

« All California ZIP codes had WF and Rx smoke days present during the
baseline period, but not all had fires.

At the 98th percentile (not accounting for background concentrations) WF
smoke alone contributes enough PM, : to shift the PM, . AQIl into
‘Unhealthy’, while baseline and target Rx smoke concentrations do not
exceed ‘Good’ (with two exception ZIP codes). Even with a small PM, .
increase due to Rx, the air quality levels of areas with higher background
PM, . concentrations are at higher risk of shift into worse categories.

« The Rx smoke from the target scenario only exceeds baseline smoke

exposures in wildland urban interface (WUI) regions at high fire risk.
29



Key Assumptions, Limitations, and
Continued Work

Assumptions and limitations :

» Meteorology was kept constant for target scenarios

 Target scenario is focused on the PL4&S5 regions, dominated by WUI areas
 Future prescribed fire characteristics may differ from historical (e.g., larger in size)
« Background ambient PM, . concentrations are not included in this analysis

This work is ongoing:

* Health effects, attributable health burden, and mortality analysis

« Community engagements, including surveys and listening sessions

To our knowledge, this study is the first to model baseline and hypothetical
prescribed fires on a large scale using historical data.

30



S7i | SonomaTechnology

Samantha J. Kramer ShihMing Huang
Air Quality Data Scientist Manager, Wildland Fire and Smoke
Project Manager Senior Scientist
skramer@sonomatech.com shuang@sonomatech.com

SonomaTech.com 707-665-9900




Extra Slides



Log-Scale Concentration (metric tons)

Log-Scale Emissions (metric tons per hectare)

Baseline WF & RX 2008-2017 and Target RX CYL1-CYL8 California Emissions
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Baseline Wildfire California PM, 5 Baseline Prescribed Fire California PM, 5 Target Prescribed Fire California PM, 5
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Baseline Wildfire California PM; s
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Example of downscaled model output

from 12 kmto 1 km

Value
™ High : 0.0822102

Low:0

Value 1
™ High : 0.0805573

.....

Low:0



2014 Surtace Wind Speed
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2014 Surface Relative

Humidity Standard Anomaly
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2014 Surface Precipitation

Standard Anomaly

Precipitation Standard Anomaly JAN
SFC

50N o

Precipitation Standard Anomaly FEB
FEB SFC 2014

Precipitation Standard Anomaly MAR

MAR 2014

40N -

30N

T
120W

e

2 -143 -1 043 0 043 1 143 2

APR

Precipitation Standard Anomaly APR
SFC

T
140W 120W

[
2 143 -1 043 0 043 1 143 2
Precipitation Standard Anomaly MAY

T T
140W 120W 100W

EN | [ [T

2 143 1 043 0 043 1 143 2
Precipitation Standard Anomaly JUN

2014

60N

50N —

40N —

30N —

20N T T 20N T T 20N T T
140W 120W 100W 140W 120W 100W 140W 120W 100W
EN | (N e | s Ll
2 143 1 043 0 043 1 143 2 2 143 -1 043 0 043 1 143 2 2 143 -1 043 0 043 1 143 2
Precipitation Standard Anomaly JUL Precipitation Standard Anomaly AUG Precipitation Standard Anomaly SEP
2014 AUG SFC 2014 SEP SFC 2014
60N —— 60N - — —— 60N - 3 g
50N — 50N
40N — 40N
30N — 30N |
20N 20N - T Sy -
140W 120W 100W 140W 120W 100W 140W 120W 100W
BN | (BN Bl B s s
2 143 -1 043 0 043 1 143 2 2 143 -1 -043 0 043 1 143 2 2 143 -1 043 0 043 1 143 2
Precipitation Standard Anomaly OCT Precipitation Standard Anomaly NOV Precipitation Standard Anomaly DEC
OCT 2014 NOV SFC 2014

SFC

DEC SFC 2014

120W

-143 -1 -043 0 043




2014 Surface Soil Moisture

Standard Anomaly
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